has moved forward with integrating two out of three of its industry programs-specifically the merging of the GDP-by-industry accounts with the annual I-O accounts. Initial results of this effort were released in June 2004 as part of BEA's five-year comprehensive revision.
The integration of the GDP-by-industry accounts with the annual I-O accounts is the most recent in a series of improvements to the industry accounts. These improvements include the following: resuming the publication of the annual I-O accounts; accelerating the release of the annual I-O accounts to within three years after the end of the reference year; expanding the GDP-by-industry accounts to include gross output and intermediate inputs for all industries; developing an accelerated set of GDP-byindustry accounts that are available with a lag of four months after the end of the reference year; and continuing to work closely with the Bureau of the Census on new initiatives to improve the quality and the timeliness of the source data used to prepare the industry accounts.
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With these improvements to the industry accounts in place, as well as with the general improvements made to the quality of industry source data, the BEA is ready to integrate the annual I-O accounts and the GDP-byindustry accounts as a first step toward full integration. 3 For purposes of the current paper, this integration is being referred to as "partial integration" and is the first tangible result of the initiative to reach the BEA's data users.
This partial integration could have been achieved through a variety of methods. For example, many countries produce integrated annual I-O accounts and GDP-by-industry accounts by assuming that the industry ratios of intermediate inputs to gross output do not change from the most recent set of benchmark I-O accounts. With this assumption, they then use these ratios to estimate a time series of value added by industry from the annual source data on gross output by industry. The BEA has taken a very different approach in developing its integration methodology because of the richness of the source data that are available in the United States. For example, the Bureau of the Census, the BLS, and the Internal Revenue Service (IRS) provide data that can be used to estimate value added by industry in various ways. However, the quality of these source data varies by data series and by industry, particularly in terms of their relative coverage and definitional consistency. As a result, the BEA has developed a method that ranks the available source data based on measures of coverage and consistency, among other factors, and then estimates a balanced set of annual I-O accounts and GDP-by-industry accounts that incorporate the resulting weighted average of these source data. In this manner, the BEA's integrated annual I-O accounts and GDP-by-industry accounts will provide a more consistent and a more accurate set of estimates.
For full integration of the industry accounts, the measure and level of value added by industry for the industry accounts will be based on the benchmark I-O accounts, beginning with the 2002 accounts. These accounts are prepared for years of the quinquennial economic census and are currently used to establish the measure and level of final expenditures by use category contributing to GDP in the NIPAs. Annual updates of the integrated industry accounts would be based on less comprehensive survey and administrative record data available in nonbenchmark years. For full integration, the measures of value added by industry would be independent of the NIPA measures of gross domestic income (GDI) and would provide a "feedback" loop to the NIPAs that would improve the estimates of the commodity composition of GDP final expenditures. 4 To achieve this ambitious goal, the BEA is working cooperatively with the Census Bureau, BLS, and other statistical agencies to make the necessary improvements to the quality and coverage of the underlying source data, particularly for information on industry expenses.
This chapter has five sections and three appendices. The first section is this introduction. The second section describes in greater detail the partial integration being achieved in the short run. The third section presents the BEA's vision for full integration in the long run, including some of the major requirements for achieving this goal as well as the major benefits. The fourth section describes the methodology developed for the partial integration of the annual industry accounts. The last section outlines the future steps required to reach the goal of full integration. The appendices include an expanded description of the probability-based method used to develop a weighted-average estimate of each industry's gross operating surplus; a detailed description of the new balancing procedure developed for automating production of the annual I-O tables; and a statement of the computation method used to estimate chain-type price and quantity indexes in the GDP-by-industry accounts.
Highlights of the partial integration methodology are as follows:
• It allows the BEA to incorporate the most timely and highest-quality source data available into both the annual I-O accounts and the GDPby-industry accounts.
• The quality of the annual industry accounts is improved because the accounts are prepared within a balanced I-O framework; that is, all the components of the accounts are in agreement within a balanced row-and-column framework.
• The annual I-O accounts and the GDP-by-industry accounts are now released concurrently and present fully consistent measures of gross output, intermediate inputs, and value added by industry.
• The annual I-O accounts are available within one year after the end of the reference year or two years earlier than previously.
• The annual I-O accounts are now presented as a consistent time series;
as a consequence, the annual I-O accounts are more useful for analyses of trends over time.
Partial Integration: The First Step
The BEA prepares two sets of national industry accounts: the I-O accounts, which consist of the benchmark I-O accounts and the annual I-O accounts, and the GDP-by-industry accounts. Both the I-O accounts and the GDP-by-industry accounts present measures of gross output, intermediate inputs, and value added by industry; however, they are often inconsistent because of the use of different methodologies, classification frameworks, and source data. These inconsistencies are frustrating to data users, who would like to be able to combine the richness of information from each for their own applications. The goal of partial integration is to eliminate these inconsistencies, as well as to improve the accuracy of the combined accounts by drawing on their relative strengths in methodologies and source data. In this section, the traditional I-O and GDP-by-industry methodologies are reviewed and the comparative advantages of each are examined in the context of an integrated methodology that produces both sets of accounts.
The Traditional I-O Accounts Methodology
The I-O accounts present a detailed picture of how industries interact to provide inputs to, and use output from, each other to produce the nation's GDP. The I-O accounts consist of benchmark I-O accounts and annual I-O accounts. The benchmark I-O accounts are prepared every five years and are based on data from the quinquennial economic census covering most businesses. 5 The annual I-O accounts update the most recent benchmark I-O accounts, and, although they are more timely than the benchmark I-O accounts, they are generally less detailed because they rely on annual data based on smaller sample surveys. 6 At present, the I-O accounts are prepared only in current dollars.
7
Both the benchmark and the annual I-O accounts are prepared within a balanced row-and-column framework that is presented in two tables: a "make" table and a "use" table. The make table shows the commodities that are produced by each industry, and the use table shows the commodities that are used in industry production and that are consumed by final users. In the use table, the columns consist of industries and final uses (figure 6.1). The column total for an industry is its gross output (consisting of sales or receipts, other operating income, commodity taxes, and inventory change). The rows in the use table consist of commodities and value added. The commodities are the goods and services that are produced by industries or imported and that are consumed either by industries in their production processes or by final users. The commodities consumed by industries in the production process are referred to as intermediate inputs (consisting of energy, materials, and purchased services). Value added in the I-O accounts is computed as a residual-that is, as gross output less intermediate inputs by industry. In concept, this residual, which represents the sum of the costs incurred and the incomes earned in production, consists of compensation of employees, gross operating surplus, and taxes on production and imports, less subsidies.
8 GDP equals valued added summed over all industries, and it also equals final uses summed over all commodities.
The I-O accounts have traditionally served two major purposes, both of which have focused on information about the use of commodities and which have supported the BEA's NIPAs. First, the accounts have provided the NIPAs with best-level estimates of the commodities that comprise final expenditures for GDP in benchmark years. Second, they provide the NIPAs with information to split estimates of commodities produced annually into their business (intermediate) and final consumer components-information that is critical for estimating GDP final expenditures in nonbenchmark years. Because of their importance in determining the levels of GDP in the NIPAs, the I-O accounts have traditionally focused more on the Integrating Industry and National Economic Accounts 219
6. For more information, see Lawson, Okubo, and Planting (2000) and Planting and Kuhbach (2001) .
7. The BEA is beginning research to explore the feasibility of preparing real (inflationadjusted) I-O accounts.
8. Previously, these costs and incomes were classified as either compensation of employees, property-type income, or indirect business tax and nontax liability. These new classifications are consistent with the aggregations introduced as part of the comprehensive NIPA revision; see Moulton and Seskin for more information. Specifically, all the nontax liabilities except special assessments are removed from indirect business tax and nontax liability, and the remainder of this category is renamed "taxes on production and imports"; the nontax liabilities except special assessments are added to property-type income; subsidies are removed from property-type income, and the remainder of this category is renamed "gross operating surplus"; and subsidies are netted against the value of taxes on production and imports. 
The Traditional GDP-by-Industry Accounts Methodology
In contrast to the I-O accounts, the GDP-by-industry accounts have traditionally focused on the industry composition of the U.S. economy and the relative performance of these industries as reflected in their measures of value added. The GDP-by-industry accounts are particularly suited for time series analysis of changes in industry shares of GDP and contributions to GDP growth. They provide annual estimates of gross output, of intermediate inputs, and of value added by industry and the corresponding price and quantity indexes. The GDP-by-industry accounts use a different estimating approach than that used for the I-O accounts. They measure value added by industry as the sum of the costs incurred and the incomes earned in production. Value added by industry is estimated as the sum of the industry distributions of compensation of employees, gross operating surplus, and taxes on production and imports, less subsidies (figure 6.2). In the GDP-byindustry accounts, total intermediate inputs by industry are measured as a residual-that is, total intermediate inputs equal gross output less value added for an industry.
The GDP-by-industry estimates are based on data from three primary sources. Gross output by industry is based on establishment-based annual survey data from the Bureau of the Census that are used to extrapolate best-level estimates from the most recent set of benchmark I-O accounts. The measures of value added by industry are derived from the industry distributions of the components of GDI from the NIPAs, which, in turn, are based on establishment-based data from the BLS and on enterprise-based annual tax return and administrative record data from the IRS.
Real measures of gross output and intermediate inputs by industry are estimated by deflating with detailed price indexes. Price indexes and quantity indexes are derived for each industry's gross output, of intermediate inputs, and of value added.
Combining the Two Methodologies
The primary strength of the I-O methodology is the balanced row-andcolumn framework in which the detailed estimates of gross output and intermediate inputs by industry are prepared; this framework allows for a simultaneous look at both the economy's industries and commodities. The primary strength of the GDP-by-industry accounts methodology is the direct approach to estimating a time series of value added by industry from high-quality source income data. The methodology for partial integration Integrating Industry and National Economic Accounts 221
9. For more information, see Lum, Moyer, and Yuskavage (2000) .
Fig. 6.2 Components of GDI-based value added by industry
Source: U.S. Bureau of Economic Analysis.
incorporates the relative strengths of both. It yields a new and improved set of annual I-O accounts and GDP-by-industry accounts that are prepared within a balanced framework and that incorporate the most timely and highest-quality source data available. It also ensures the consistency of the estimates of gross output, of intermediate inputs, and of value added by industry across the two sets of accounts.
The strength of using a balanced I-O framework is demonstrated by again referring to figure 6.1. A balanced use table ensures that the industry estimates of the I-O accounts (the column totals) are in balance with the commodity estimates of the I-O accounts (the row totals).
10 This framework tracks all of the detailed input and output flows in the economy and guarantees that each commodity that is produced is either consumed by industries as an intermediate input or is consumed by final users. An imbalance in the use table-for example, too little, or too much, supply of a commodity after intermediate inputs by industry and final uses have been accounted for-flags an inconsistency in the data. Therefore, a balanced framework provides a "consistency check" of the use table. No comparable procedure to balance industries and commodities exists for the GDP-byindustry accounts.
The strength of the GDP-by-industry methodology is that the estimates of value added by industry are derived directly from high-quality source data, so these measures generally provide better estimates of value added for industries relative to the I-O estimates. Nonetheless, several factors can affect the quality of the GDP-by-industry estimates for specific industries. For example, gross operating surplus, one component of value added by industry, includes several items-such as corporate profits before tax, corporate net interest, and corporate capital consumption allowances-that are based on corporate tax return data from the IRS. Because the consolidated tax return data of an enterprise may account for activities by several establishments classified in different industries, the BEA must convert these enterprise-or company-based data to an establishment or plant basis. The conversion can introduce errors because it is based on employment data for establishments that are cross-classified by enterprise, and because it is based on relationships from an economic census year that are likely to change over time. In addition, proprietors' income, another component of gross operating surplus, can introduce errors because the industry distributions of proprietors' income are based on incomplete source data. Industries with large shares of value added from proprietors' income are regarded as having lower-quality estimates.
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10. The I-O framework also includes a balanced make table, which requires that the different commodities produced by industries are consistent with total commodity and industry outputs for the economy.
11. Proprietors' income is defined here to equal the sum of NIPA estimates for proprietors' income without inventory valuation adjustment (IVA) and capital consumption adjustment
The GDP-by-industry measures of value added may be of a higher or lower quality than those from the benchmark I-O accounts, depending on the data used. For an industry with high-quality data on gross output and intermediate inputs, the measure of value added from the benchmark I-O accounts may be superior, particularly when the GDP-by-industry measure includes a large enterprise-establishment adjustment or a substantial amount of proprietors' income. Alternatively, for an industry with a small enterprise-establishment adjustment and a negligible amount of proprietors' income, the GDP-by-industry measure may be superior, particularly if the coverage of intermediate inputs in the quinquennial economic census is small for the benchmark I-O measure. For the 1997 benchmark I-O accounts, less than half of all intermediate inputs were covered by the economic census; for many industries, this results in lower-quality measures of value added. In contrast, for nonbenchmark years, the GDP-by-industry accounts always provide the preferred measures of value added, because estimates of intermediate inputs in the annual I-O accounts are currently based on very sparse data and are unable to yield high-quality measures of value added by industry.
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The advantages of a partial integration methodology, however, go beyond incorporating the best methods and source data from each methodology. Because the annual I-O accounts are estimated concurrently with the GDP-by-industry accounts, they are released on an accelerated sched- A further advantage of the partial integration methodology is a "feedback loop" to the NIPAs that is demonstrated by examining the relationships among the national accounts (figure 6.3). Before the integration of the annual I-O accounts and the GDP-by-industry accounts, the benchmark I-O accounts provided the following: a starting point for updating the annual I-O accounts (arrow 1), the best-level estimates of gross output to the GDP-by-industry accounts (arrow 2), and the best-level estimates and commodity splits of GDP to the NIPAs (arrow 3). The NIPAs provided estimates of GDI by industry to the GDP-by-industry accounts (arrow 4) and information on the annual composition of GDP to the annual I-O accounts (arrow 5). The partial integration results in an exchange of information between the annual I-O accounts and the GDP-by-industry accounts (arrow 6), and it also provides a feedback loop to the NIPAs (arrow 7). Because the integrated industry accounts will be prepared within a balanced framework, they will provide annual estimates of the commodity composition of GDP final expenditures that could potentially be used to improve the NIPA measures of GDP.
Full Integration: The Long-Run Goal
Integration of the annual I-O accounts and the GDP-by-industry accounts is only the first step, although a very important one, toward the BEA's long-run goal to fully integrate all components of its industry accounts, including the benchmark I-O accounts, and to integrate the inIntegrating Industry and National Economic Accounts 225
Fig. 6.3 Relationships among national economic accounts
Source: U.S. Bureau of Economic Analysis. Notes: GDP ϭ gross domestic product; I-O ϭ input-output; NIPAs ϭ National Income and Product Accounts dustry accounts with the NIPAs. Although full integration is dependent upon continued costly investments by the federal statistical agencies to improve the coverage and consistency of their economic data, the benefits are significant in providing higher-quality information to data users. With more consistent and comprehensive data on industry inputs, the benchmark I-O accounts would provide the best measures of value added by industry for benchmark years. With updated annual information on intermediate inputs by industry, the annual I-O accounts and the GDP-byindustry accounts would provide annual updates of value added by industry that would be independent of the NIPA measures of GDP. With full integration, BEA would have a production-based measure of GDP that would provide new information to the NIPAs through the feedback loop discussed earlier (figure 6.3). That is to say, it could provide valuable insights into imbalances between the BEA's primary measure of GDP based on the final expenditures approach and its alternative measure based on income-that is, GDI. The BEA views the underlying framework now being implemented for partial integration as able to accommodate the requirements for full integration. That being said, however, for full integration, the data needed to populate much of this framework are presently missing, particularly consistent and comprehensive data on intermediate inputs for industries. For example, less than half of the intermediate input estimates in the 1997 benchmark I-O accounts were based on high-quality, consistent data collected by the Bureau of the Census; estimates for the balance were based on fragmented information from trade associations, company annual reports, anecdotal information, and prior benchmark I-O accounts. To be reliable, a production-based estimate of GDP requires an expansion by the Census Bureau in its coverage of business expenses from less than half to 100 percent. The methods developed by the BEA to achieve partial integration in the short run are not an adequate substitute for these improvements to source data in the long run, if the goals of full integration are to be realized. To acquire this information, the BEA is working collaboratively with other statistical agencies, particularly the Bureau of the Census, to expand information collected both for its annual surveys and for its quinquennial economic census, beginning with that for 2002.
Full integration also implies greater consistency in the data provided by different statistical agencies. For example, the quality of the BEA's industry estimates can be affected by inconsistencies in the sampling frames used by the statistical agencies, as well as differences in classification and data collection and tabulation practices. Table 6 .1 compares estimates of nonagricultural payroll data collected by the Bureau of the Census with wage and salary data collected by the BLS for selected industries in 1992. Industries for which comparable information was not available are excluded from the table. The comparison shows that the estimates differ by 5 percent or more for about half of these industries. Although these differences do not directly affect measures of total value added, they can potentially affect the reliability of the BEA's estimates of the labor-capital splits of industry value added. The BEA envisions that it will be able to further enhance the consistency and quality of its fully integrated accounts because datasharing initiatives should reveal the sources of these and other similar differences in source data from the various federal statistical agencies. In the case cited, the consistency between its measures of gross output by industry and compensation of employees by industry would be improved if payroll-by-industry data prepared by the Bureau of the Census and the wages and salaries data prepared by the BLS were brought into agreement by the source agencies. At the earliest, full integration could not be attained until the 2008-10 time frame, which is when expanded data from the 2002 Economic Census will be fully incorporated into the BEA's economic accounts, beginning with the release of the 2002 benchmark I-O accounts in 2007. If limited data sharing by statistical agencies is also made viable in the interim, the BEA will be able to better identify the sources of the differences in data from other agencies such as those identified in the example presented above for the BLS and Census Bureau data. The major benefit of such data sharing would be to enhance the consistency and quality of the BEA's fully integrated economic accounts.
The Partial Integration Methodology
The methodology, including the source data and the estimating procedures that will be used for the partial integration of the annual I-O ac- Note: Several industries are excluded because of differences in coverage or nondisclosure issues. These industries include metal mining, coal mining, air transportation, hotels and other lodging places, personal services, educational services, museums, art galleries and botanical gardens, membership organizations, engineering, and accounting services. counts and the GDP-by-industry accounts, is discussed in this section.
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The methodology is described in a sequence of five steps: (1) establishing a level of detail for both industries and commodities; (2) revising the previously published 1997 benchmark I-O accounts that will serve as a reference point for the integrated accounts; (3) The first step in integrating the annual I-O accounts and the GDP-byindustry accounts is to establish the level of detail that can be used for both sets of accounts. Table 6 .2 shows this detail and the corresponding 1997 North American Industry Classification System (NAICS) industry codes. Table 6 .2 no longer shows a statistical discrepancy that has traditionally appeared as an industry in the GDP-by-industry accounts. This reflects the use of a balanced framework that requires consistency between GDP measured in terms of final expenditures and in terms of value added or income. In addition, table 6.2 does not include an industry for the inventory valuation adjustment, which has traditionally been shown in the I-O accounts. In the integrated accounts, the inventory valuation adjustment is treated as a secondary product produced by industries and included in their gross output, as well as a separate commodity going to final demand. The level of detail shown in table 6.2 applies to both industries and commodities and serves as the publication level of detail. Most of the estimation procedures, however, are applied at a finer level of industry and commodity detail in order to ensure the best estimates at the publication level.
Step 2: Revised 1997 Benchmark I-O Accounts
The second step in the partial integration process is to revise the previously published 1997 benchmark I-O accounts, because it must provide the relationships and levels for integrating the annual I-O accounts and GDPby-industry accounts. The necessary revisions are from two sources. First, the 1997 benchmark I-O accounts must be modified to incorporate the definitional, methodological, and statistical changes from the 2003 comprehensive revision of the NIPAs. Incorporating these changes ensures that the integrated accounts for 1998-2002 are consistent with the levels and composition of GDP in the NIPAs. The major NIPA changes and their effects on the 1997 benchmark I-O accounts are summarized in table 6.3.
Second, after the NIPA revisions are incorporated, the level and the Integrating Industry and National Economic Accounts 229
13. See Moyer, Planting, Fahim-Nader, et al. (2004) and Moyer, Planting, Kern, et al. (2004) . composition of value added for each industry must be further modified on the basis of information from both the I-O accounts and the GDP-byindustry accounts. 14 As discussed above, value added by industry in the I-O accounts is computed as the difference between gross output and intermediate inputs by industry, and value added by industry in the GDP-byindustry accounts is computed from the industry distributions of GDI from the NIPAs. In general, these two measures of value added for an industry will differ (see the first two columns of table 6.4). 
Reclassify business nontax liability as current
Taxes on production and imports, less subsidies transfer payments to government and as rent and gross operating surplus for all industries; and royalties to government.
gross output for the rental and leasing services and lessors of intangible assets industry; purchases of the rental and leasing services and lessors of intangible assets commodity by selected industries.
Note: NIPAs = national income and product accounts; I-O = input-output. For details of NIPA changes, see Moulton and Seskin (2003) .
14. The GDP-by-industry value added that is based on the NIPA GDI estimates will also incorporate the results from the 2003 comprehensive NIPA revision.
15. Research indicates that the magnitude and sign of these differences vary across industries and across time. For example, using data for 1992, Yuskavage (2000) finds that the Figure 6 .4 shows a matrix that demonstrates how the quality of the value added by industry estimates varies across the benchmark I-O accounts and the GDP-by-industry accounts. For example, both the benchmark I-O accounts and the GDP-by-industry accounts provide good measures of value added for the health care industry because of the near-complete coverage of gross output and intermediate inputs by the economic census and the relatively small amount of redistributions of income resulting from enterprise-establishment adjustments. On the other hand, both sets of accounts provide poor measures for the construction industry because of incomplete coverage in the economic census and because of large lower-quality, enterprise-establishment adjustments. For many industries, the quality of industry value added is mixed. Mining value added, for example, is good in the benchmark I-O accounts because of near-complete industry coverage, yet poor in the GDP-by-industry accounts because of relatively very large enterprise-establishment adjustments. The partial integration methodology draws the best information from both sets of accounts into a single "combined" estimate of value added for each industry. These combined measures are then incorporated into the 1997 benchmark I-O accounts.
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The combined value added for an industry is an average with weights determined by criteria that reflect the relative quality of value added from the two sets of accounts. In general, these criteria are based on the quality of the source data used for each. The criteria for the benchmark I-O accounts include the following:
• the percent of intermediate inputs by industry that are covered by source data from the quinquennial economic census
• the percent of an industry's total gross output that is accounted for by the quinquennial economic census.
The criteria for the GDP-by-industry accounts include the following:
• the quality and the size of adjustments used to convert the enterprisebased, profit-type income data to an establishment basis
• the percent of an industry's value added that is accounted for by proprietors' income Integrating Industry and National Economic Accounts 233
property-type income for the manufacturing sector is, on average, lower in the GDP-byindustry accounts than in the benchmark I-O accounts. However, more recent research, using data for 1997, finds that the reverse is true; for the manufacturing sector, the gross operating surplus from the GDP-by-industry accounts is, on average, larger than the gross operating surplus from benchmark I-O accounts. The BEA is continuing its research into the sources of these differences. 16. The estimates of "compensation of employees" and "taxes on production and imports, less subsidies" in the revised 1997 benchmark I-O accounts are consistent with those published in the NIPAs. For census-covered industries, the compensation in the previously published 1997 benchmark I-O accounts was based on the 1997 Economic Census. See Lawson et al. (2002) , p. 31. For both the benchmark I-O accounts and the GDP-by-industry accounts, these criteria, along with expert analyst judgment, are applied at the industry level shown in table 6.2 in order to identify point estimates and estimates of variance for each industry's measure of value added.
17 These point estimates and estimates of variance are used to develop a probability distribution of value added for each industry from each set of accounts. Each probability distribution represents a measure of the likelihood that the "true" value added takes on a particular value, given the information available. The distributions are then combined to produce a measure of value added for each industry. Essentially, the combined measure is an average of the two point estimates with the weights being determined by the relative variances-that is, a point estimate with a smaller variance receives a larger weight. Appendix A provides technical details on the procedures used. Figure 6 .5 gives an example of this process for the educational services industry. The point estimate of value added is $63.4 billion from the revised 1997 benchmark I-O accounts and $61.3 billion from the GDP-by- industry accounts. The benchmark I-O value-added estimate reflects only a limited amount of information on this industry's gross output and intermediate inputs, because most establishments classified in this industry are out of the scope of the quinquennial economic census. Therefore, the information used to prepare the I-O estimates was drawn from a variety of sources, including trade association data. The quality of these data is not as high as data from the economic census. In contrast, the GDP-byindustry value-added estimate reflects relatively complete data, based on the industry distributions of GDI from the NIPAs. Nevertheless, examining the two quality criteria for the GDP-by-industry accounts reveals that proprietors' income for this industry is about 3 percent of total value added and that the amount of adjustment required to convert enterprise-based profit-type income data to an establishment basis is about 1 percent. This implies that the combined estimate should be close, but not equal to, the GDP-by-industry point estimate.
A more formal analysis of the educational services industry is shown in figure 6 .5, which includes the related probability distributions for each of the two point estimates. Note that the GDP-by-industry distribution is more peaked (smaller variance) than the distribution from the I-O accounts (larger variance). The smaller variance reflects a relatively good GDP-by-industry estimate; the larger variance for the benchmark I-O accounts reflects a relatively lower-quality estimate. As expected, the combined estimate of $62.2 billion is closer to the GDP-by-industry estimate than to the I-O estimate; the GDP-by-industry estimate is given a weight of about 57 percent, while the I-O estimate is given a weight of about 43 percent. Because more information is used to make this combined estimate, its overall quality is higher than that for either of the individual estimates, as shown by their distributions in figure 6.5. A complete list of the combined estimates of value added by industry is shown in the third column of table 6.4. After the two sets of revisions have been made to the 1997 benchmark I-O accounts, it is then balanced. For this balancing, each industry's gross output and new measure of value added are fixed, and its total of intermediate inputs is allowed to adjust to the difference. Balancing ensures that the use of commodities equals their supply, the sum of each industry's value added and intermediate inputs equals its gross output, and the sum of final uses equals published GDP. The revised and balanced 1997 benchmark I-O accounts then provide a starting point for preparing the integrated accounts for 1998-2002.
Step 3: A Time Series of Value Added for 1998-2002
A time series of value added by industry is prepared by extrapolating the revised 1997 benchmark I-O estimates of value added by industry forward to 1998-2002, using the GDI-based measure of value added from the GDP-by-industry accounts as the extrapolator for each industry. The integrated industry accounts for 1998-2002 are presented on the 1997 NAICS basis. 18 The components of GDI that compose value added by industry and Integrating Industry and National Economic Accounts 237
Fig. 6.5 Probability distributions of value added for educational services
18. On November 9, 2005, the BEA published the NAICS-based GDP-by-industry estimates for years 1947-86. information on the major source data and on the industrial distribution for each component are shown in table 6.5.
As discussed above, the quality of the GDI-based measures of value added depends on a number of factors, including the size of adjustments required to convert enterprise-based, profit-type GDI data to an establishment basis and the size of proprietors' income. Nonetheless, they are preferred as growth indicators when compared with those from the annual I-O residual methodology because of the scarcity of annual data on intermediate inputs for credible measures of value added.
After extrapolating the revised 1997 benchmark I-O level of value added forward with the GDI-based measure for each industry, the resulting sum of value added across industries will not necessarily sum to GDP in a given year-part of the difference being the statistical discrepancy and the other part being extrapolation errors. 19 This procedure allocates this difference in two steps. In the first step, expert analyst judgment is used to adjust some industries with known measurement problems. In the second step, the remaining difference is distributed across industries in proportion to the industries' value added.
Step 4: Updated and Balanced Annual I-O Accounts for 1998-2002
Five tasks must be completed sequentially to update and balance each of the five annual I-O tables for 1998-2002. These tasks are (a) estimating gross output for each industry and commodity; (b) estimating the commodity composition of intermediate inputs for each industry; (c) estimating the domestic supply for each commodity; (d) incorporating estimates of commodities used for personal consumption, for gross private fixed investment, and for government consumption and investment as part of GDP final-demand expenditures; and (e) balancing the use of commodities with available supply and the output of industries with necessary inputs for production.
Industry and Commodity Gross Output
For most industries and commodities, annual source data are available to estimate current-year industry and commodity gross output. The data sources used are shown in table 6.6. Manufacturing, trade, and most service industry estimates are based on annual survey data from the Bureau of the Census. Agriculture, insurance, and government enterprise estimates, as well as transportation, utilities, finance, and real estate estimates,
238
Ann M. Lawson, Brian C. Moyer, Sumiye Okubo, and Mark A. Planting 19. The BEA also investigated using gross output by industry as an extrapolator for the revised 1997 benchmark I-O value added. This procedure-which assumes industry inputoutput ratios are constant over time-was not adopted, because tests on historical data showed that it yields larger discrepancies between the sum of extrapolated value added and GDP relative to GDI extrapolation. 
Intermediate Inputs to Industries
Industry inputs are estimated in three steps. First, for domestic inputs, each industry's current-year output is valued in terms of the previous year's prices, using an industry price index that is calculated-in a Fisher indexnumber formula-as a weighted average of the price indexes for commodities produced by the industry. Estimates of inputs from foreign sources are revalued using import price indexes. For commodities for which a price index is unavailable, an aggregate price index is applied to multiple commodities. The data sources used to prepare these indexes are shown in table 6.6.
Second, each industry's current-year output, valued in the prices for the previous year, is multiplied by the previous year's direct requirements coefficient for the same industry. The initial set of coefficients used are from the revised 1997 benchmark I-O accounts. The result of this multiplication yields current-year intermediate inputs valued in the prices of the previous year.
20 At this point, the composition of an industry's inputs per dollar of output (valued in the prices of the previous year) is unchanged from that of the previous year. To adjust for changes in relative prices, the results are reflated to current-year prices, using the commodity price indexes.
Finally, commodity taxes, transportation costs, and trade margins for each intermediate input are estimated. Commodity taxes are added to increase the value of intermediate inputs from basic prices to producers' prices, and transportation costs and trade margins are added to increase the value further to purchasers' prices. 21 Estimates for commodity taxes and total transportation costs and margins are developed as part of the annual estimates of commodity gross output and are distributed to transactions using 1997 benchmark I-O relationships.
Domestic Supply
The domestic supply is estimated. The domestic supply of each commodity is the total value of goods and services available for consumption as intermediate inputs by industries or for final use as personal consumption, private fixed investment, and government consumption and gross investment. It is calculated as domestic commodity output, plus government sales, and imports less exports and change in private inventories. Imports and exports are based on foreign trade statistics from the Bureau of the Integrating Industry and National Economic Accounts 247 20. A direct requirements coefficient represents the amount of a commodity required by an industry to produce a dollar of the industry's output.
21. The basic price is the price received by the producer for goods sold; it excludes the taxes collected by the producer from purchasers, as well as transportation costs and trade margins.
Census and on the BEA's international transactions accounts. Changes in private inventories are from the NIPAs, and the commodity composition of inventories held by industries is based on relationships from the revised 1997 benchmark I-O accounts.
Commodity Composition of Final Uses Excluding Imports and Exports and Changes in Private Inventories
The annual estimates of the major expenditure components of final uses for personal consumption, private fixed investment, and government consumption and gross investment are obtained directly from the NIPAs. The initial commodity compositions of these components are estimated using relationships from the revised 1997 benchmark I-O accounts.
Balancing the Use Table
Finally, commodities and industries are brought into balance using a biproportional adjustment procedure. This procedure sequentially adjusts rows and columns to equal the estimated output control totals. The adjustments are made iteratively until the use of each commodity equals its domestic supply, the sum of value added and intermediate inputs for each industry equals its gross output, and final-demand expenditures equal levels in the NIPAs. Unlike many I-O balancing systems, the system employed for the annual I-O tables takes advantage of the very detailed relationships included in the 1997 benchmark I-O accounts and balances in both producers' and purchasers' prices. The system balances approximately 3,000 rows and 1,200 columns while maintaining information on transportation costs and margins for each transaction. Appendix B provides a more detailed discussion of the techniques used for this balancing.
The annual I-O accounts are finalized for 1998-2002 after the results have been reviewed and verified. The measures of gross output, intermediate inputs, and value added by industry are then incorporated into the GDP-by-industry accounts.
6.4.5
Step 5: Price and Quantity Indexes for the GDP-by-Industry Accounts
Price and quantity indexes for the GDP-by-industry accounts are prepared in two steps. First, price and quantity indexes for gross output and intermediate inputs are prepared for each industry. Second, information on gross output by industry is combined with information on intermediate inputs by industry to derive price and quantity indexes for value added by industry, using the double-deflation procedure.
Indexes for Gross Output and Intermediate Inputs by Industry
Price and quantity indexes for gross output by industry are derived by separately deflating each commodity produced by an industry and included in its gross output. Information on the commodities produced by industries is obtained from annual I-O make tables. Price and quantity indexes for intermediate inputs are estimated by deflating the commodities used by industries from the annual I-O use tables. The commodity price indexes used for this deflation are listed in table 6.6. When a commodity price index is based on more than one detailed price index, a Fisher index-number formula is used to prepare the composite index. Appendix C, "Computing Chain-Type Price and Quantity Indexes in the GDP-by-Industry Accounts," shows the Fisher index-number formulas that are used to prepare the price and quantity indexes for gross output and intermediate inputs by industry.
Indexes for Value Added by Industry
Price and quantity indexes for value added by industry are calculated using the double-deflation method. In the double-deflation method, separate estimates of gross output and intermediate inputs by industry are combined in a Fisher index-number formula in order to generate price and quantity indexes for value added by industry (see appendix C). This method is preferred for computing price and quantity indexes for value added by industry because it requires the fewest assumptions about the relationships among gross outputs.
Future Research
There are several areas of research that must be addressed in order to achieve the BEA's long-run goal of full integration of the accounts. The most important of these are the following:
• Additional evaluation of the coverage, quality, and consistency of data from different sources for the purpose of improving the BEA's industry accounts overall and its estimates of value added by industry specifically. This includes working cooperatively with other statistical agencies for the purpose of collecting additional data as well as expanding data-sharing initiatives to address differences across alternative data sources.
• Related research to determine the underlying reasons for the discrepancies that existed between the GDP-by-industry and I-O levels of value added prior to setting a "combined" level for the integrated accounts. The fact that these discrepancies were clearly evident prior to the integration indicates underlying inconsistencies in source data and methodologies that need to be explored further. This research will also require working cooperatively with the statistical agencies providing the source data.
• Continued research to develop new methods and data sources that improve measures of gross operating surplus and direct measures of value added by industry that are consistent with establishment-based • Development of additional procedures to incorporate new data from the 2002 Economic Census and annual surveys of intermediate inputs by industry into the BEA's industry accounts on a more accelerated basis, including techniques for evaluating "best-level" estimates as compared to "best-change" estimates.
• Development of new processes and procedures for incorporating information from the production-based approach of measuring GDP into the NIPAs on a timely basis.
• Extension of the NAICS-based industry accounts backward for years prior to 1998. 22 Research is needed to develop current-dollar annual I-O tables for years prior to 1998. specified among matrices. The following matrices are prepared: a matrix with commodities valued in basic prices and one in purchasers' prices; one for commodity taxes; one for each of the six transportation modes (rail, truck, water, air, oil pipe, and gas pipe); one for wholesale trade margin; one for retail trade margin; and two matrices for taxes by each type of margin (see figure 6.B1). The transportation and wholesale trade matrices are of the same dimensions as those for producers' and purchasers' prices. The retail trade matrix is a single vector with one margin total for all consuming industries and final users. The matrix valued in basic prices is related to that valued in purchasers' prices through the taxes, transportation, and trade matrices. A cell in the purchasers' value matrix equals the corresponding cell in the basic value matrix plus the cells in the taxes, transportation, and trade matrices; conversely, a cell in the basic value matrix equals the corresponding cell in the purchasers' value matrix less those in the taxes, transportation, and trade matrices.
Control totals are identified for each matrix. The basic price, tax, transportation, and trade matrices are two-dimensional and have separate control totals for each row or commodity. The retail trade margin matrices are one-dimensional and have single control totals for the margin, sales tax, and other retail tax. The purchasers' price matrix is two-dimensional and is the sum of producers' price inputs plus transportation and trade margin costs; it has column control totals for each industry and final use category.
Detailed NIPA estimates, in purchasers' prices, are used as controls for the different types of final uses. These detailed data provide the basis for expanding estimates of personal consumption expenditures from 1 to 210 categories; gross private fixed investment from 1 to 33; structures, from 1 to 26; and government expenditures and investment from 6 to 136. Elements that remain constant or fixed in all matrices include exports, imports, changes in business inventories, and other negative cells.
Balancing the fifteen matrices is complex and requires several steps and iterations. Beginning first with the rows, adjustment factors are calculated, equaling the row control less the sum of the fixed cells in the row, divided by the sum of the new cells less the fixed cells. These adjustment factors are applied to the row cells that are not fixed in each matrix. The purchasers' price matrix is then calculated as the sum of the twelve other matrices. To balance the columns, adjustment factors are again calculated, this time equaling the column control less the sum of the fixed cells in the column, divided by the sum of the column cells less the fixed cells. These factors are then applied to the column cells that are not fixed in each matrix. The cells in the basic price matrix are then calculated as the difference between the purchasers' price and the sum of the twelve other matrices.
After a set number of iterations, and when the cells are close to being balanced in both basic and purchasers' values, then the taxes, transportation, and trade matrices are forced to also balance to their respective row control totals. The balancing of the taxes, transportation, and trade matrices is delayed until the matrices valued in basic and purchasers' prices are approximately balanced in order to maintain the initial tax rates, transportation cost rates, and trade margin rates as long as possible.
Tests on the New Procedures
The BEA tested both the new balancing procedures and an alternative, more highly automated set of procedures, referred to as a "basic model," using an old work file with 1997 detailed data. Results were then compared to the published 1997 annual I-O use table. Unlike the new procedures, which balance multiple matrices, the basic model balances the table in producers' prices only. To evaluate the results from the two approaches, a set of tests were designed to answer the following questions:
• Does balancing in both producers' and purchasers' prices improve results? Most I-O tables are balanced in producers' prices (basic model). However, balancing in producers' prices ignores the detailed estimates of final use expenditures from the NIPAs, which are valued in purchasers' prices as well as the relationships between transportation and margin costs and the use of goods. It is hypothesized that valuing in purchasers' prices and using detailed data from the NIPAs improve the reliability of the balancing model.
• Does the addition of known estimates of value added for industries improve results? Value added makes up a significant portion of each industry's input structure. It is hypothesized that providing estimates • Does greater industry and commodity detail improve the results? The more aggregated the table, the more diverse the mix of products grouped together as a single commodity and the more diverse the market. Conversely, the more disaggregated the table, the more specialized commodities are to different markets. It is hypothesized that using more detail at the working level improves the initial distributions of commodities to users and, consequently, also improves the reliability of the balancing model.
To answer these questions, the BEA designed twelve tests that could be used to compare results from the new procedures with those from the basic model. Each version of a use table was balanced, using both the new adjustment process and the basic adjustment process. For the balancing, each was run through forty iterations. Each final use table was then collapsed to the summary level and compared to the published 1997 annual I-O use table.
The measure used for comparing results is the direct coefficient-that is, the amount of a commodity required by an industry to produce a dollar of output. The fewer the differences in direct coefficients between the balanced tables and the published 1997 annual table, the better the balancing model. Our comparisons were limited to the larger cells of the use table, that is, to direct coefficients with underlying intermediate values of $100 million or greater in producers' prices, and to those cells with absolute value difference (published less the balanced direct coefficient) of greater than 0.01 for direct coefficients. Table 6B .1 provides the major test results. Overall, large coefficient differences decreased from 11.7 percent for the basic model, balanced at the publication level of data and using value added calculated as a residual, to 5.8 percent for the new model, balanced at the source data level and using independent, fixed value-added estimates. The major conclusions from the tests are as follows:
• Results from the new balancing procedures are better than those from the basic model.
• Working with more detail data improves results.
• The addition of known value-added estimates improves results.
• The new balancing procedures result in only 5.8 percent of the direct coefficients changing by more than 0.01 with an absolute average change of 0.029.
Conclusions
One of the BEA's goals has been to develop the capability for producing I-O tables that are more current but are not extremely resource intensive to produce. Research to this end has resulted in the BEA's development of new automated procedures for balancing its use tables. From the test results examined, it is concluded that the best results are obtained when balancing in both purchasers' and basic prices. The test results also show that providing fixed estimates of value added and working at the detailed source data level both improve final results. However, although the new procedures produce use tables that are fairly comparable to the published table, the remaining differences are still important. Additional research is needed to evaluate these remaining coefficient differences and their causes.
Appendix C

Computing Chain-Type Price and Quantity Indexes in the GDP-by-Industry Accounts
The computation of the chain-type Fisher price and quantity indexes for gross output, intermediate inputs, and value added for an industry or an aggregate is summarized below. The value-added price index for an industry represents the price of its primary factors of production-that is, it represents the price of capital and labor used in the production of gross output. Similarly, the value-added quantity index for an industry represents the quantity of capital and labor used in the production of gross output.
Chain-Type Price Indexes
In the notation, LP t-1,t refers to the Laspeyres price relative for the years t -1 and t; PP t-1,t refers to the Paasche price relative; FP t-1,t refers to the Integrating Industry and National Economic Accounts 257 In the reference year (2000 for this comprehensive revision), CP t GO ϭ CP t Π ϭ CP t VA ϭ 100.
Chain-Type Quantity Indexes
In the notation, LQ t-1,t refers to the Laspeyres quantity relative for the years t -1 and t; PQ t-1,t refers to the Paasche quantity relative; FQ t-1,t refers to the Fisher quantity relative; and CQ t refers to the Fisher chain-type quantity index. The superscript GO refers to gross output, Π refers to intermediate inputs, and VA refers to value added; p refers to detailed prices, and q refers to quantities.
Laspeyres 
Integrating Industry and National 
